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2 . , Poiseuille
Tollmien-Schlichting Rayleigh-B\’enard [
. , 2 ,
$\psi(x, z, t)=\psi(z)+\psi(x, z, t)$ (1)
$\overline{\psi}$
$\hat{\psi}$ . $\hat{\psi}$ .
$[ \frac{\partial}{\partial t}S-L(R)]\hat{\psi}=N(\hat{\psi},\hat{\psi})$. (2)
, $\psi$ $z$ ,
$H\hat{\psi}=0$ at $z=\pm 1(3)$
, (2) (3) $S,$ $L,$ $H$ , $R$ Reynolds Rayleigh
, $N$ 2 .
(2) (3)
$\psi$(x, $z,$ $t$ ) $=\phi(z)\mathrm{e}^{j\alpha x+\sigma t}$ (4)
, Orr-Sommerfeld





${\rm Re}\sigma_{1}>$ Re $\sigma_{2}>$ (6)
. , $\sigma_{n}$ $\phi^{(n)}$ , $\tilde{\phi}^{(n)}$
,
$[\sigma_{n}S-L(R)]\phi^{(n)}=0$ , $H\phi^{(n)}=0$ at $z=\pm 1$ (7)
[ $\overline{\sigma}_{n}$. $S-\tilde{L}$(R)] $\overline{\phi}(n)=0$ , $\tilde{H}\tilde{\phi}^{(n)}=0$ at $z=\pm 1$ (8)
. $S$ , $L$ Orr-Sommerfeld
. , .
$\langle\tilde{\phi}^{(n)}, S\phi^{(m)}\rangle\{$
$=0$ for $n\neq m$ (9)




$\sigma$ ( $\alpha$ , R)=\sigma c+(\mbox{\boldmath $\alpha$}-\mbox{\boldmath $\alpha$}c)\sigma $+ \frac{1}{2}(\alpha-\alpha_{c})^{2}\sigma_{\alpha\alpha}+(R-R_{c})\sigma_{R}+\cdots$ (10)
Taylor- . \mbox{\boldmath $\alpha$}R R=R
2 , $R-R_{c}\simeq\epsilon^{2}$ ,
$\epsilon$ , , $\epsilon^{2}$ . ,
$x_{n}=\epsilon^{n}$x, $t_{n}=\epsilon^{n}$t (11)
,
$\frac{\partial}{\partial x}=\frac{\partial}{\partial x_{0}}+\epsilon\frac{\partial}{\partial x_{1}}+\cdots,$ $\frac{\partial}{\partial t}=\frac{\partial}{\partial t_{0}}+\epsilon\frac{\partial}{\partial t_{1}}+\cdot\cdot\tau$ (12)
,
$\frac{\partial a}{\partial t}=(R-R_{c})\sigma_{R}a+\kappa\frac{\partial a}{\partial x}+\mu\frac{\partial^{2}a}{\partial x^{2}}+\lambda|a|^{2}a$ (13)
. $\kappa,$ $\mu$ $\sigma$
$\kappa=-i\sigma_{\alpha}$ , $\mu=-\frac{1}{2}\sigma_{\alpha\alpha}$ (14)
. $\alpha$ 0 , ${\rm Im}\kappa=0$
, $\eta=x+\kappa t$ , (13) Ginzburg-Landau






. $\gamma_{1}+\gamma_{2}=2\gamma_{0},$ $k_{1}+k_{2}=2k$0 $\gamma_{1},$ $\gamma_{2},$ $k_{1},$ $k_{2}$
$a(\eta, t)=A_{0}\mathrm{e}^{i(k0\eta-\gamma 0t)}+a_{1}\mathrm{e}^{i(k_{1}\eta-\gamma_{1}t)}+a_{2}\mathrm{e}^{i(k_{2}\cdot\eta-\gamma_{2}t)}$ (17)
, $a_{1}$ (t) $a_{2}$ (t)
$\dot{a}_{1}=(i\gamma_{1}+\sigma-k_{1}^{2}\mu+2\lambda|A_{0}|^{2})a_{1}+\lambda A_{0}^{2}\overline{a}_{2}$ (18)




, ${\rm Re} s\leq 0$ ,
3 (18), ( 19) .
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. $\Phi_{n}$ (z) , (21)
. ,
$\Psi=A\phi_{11}\mathrm{e}^{i\alpha\xi}+c.c$ . $+A2\phi_{22}$e”$\alpha\xi+c.c.$ $+|$A $|^{2}\phi$0$2+\cdot\cdot$ . $(22)$
$\overline{\psi}+\Psi$ 2 $\hat{\psi}$ $(\xi, z, t)$ , $\hat{\psi}$
$\xi$ , Floquet .
Floquet $\nu$ , Fourier $\Theta_{n}$ .
$\sum_{n}[\frac{\partial}{\partial t}S-\mathcal{L}(R)]\mathrm{O}-_{n}\mathrm{e}^{i(n\alpha+\nu)\xi}$
$=$
$\mathrm{V}$ ( $\overline{\psi}+A\phi_{11}\mathrm{e}^{i\alpha\xi}+c.c$. $+A2\phi_{2}$2e2ia$\epsilon+c.c$ . $+|$A $|^{2}\phi_{02}+\cdot\cdot$ .) $\sum_{n}\ominus$ \sim i(no-1-p)(. (23)
$\Theta_{n}$ , \S 3
:





$\mathrm{O}_{1}^{(1)}-=\phi_{11}\mathrm{e}^{\sigma_{\mathrm{c}}t}a_{1}^{(1)}(t_{1}, \cdots),$ $\Theta_{1}^{(2)}=a_{1}^{(2)}(t_{1}, t_{2}, \cdots)\phi_{1}+(1+\tilde{\nu})a_{1}^{(1)}\phi_{1}^{(1)}$ (26)
. $b_{1}=a_{1}^{(1\rangle}+\epsilon a_{1}^{(2)}’+\cdot$ . . ,
, .
$\frac{db_{1}}{dt}=\sigma_{c}$b1 $( \epsilon+\nu)\sigma_{\alpha}b_{1}+\frac{1}{2}(\epsilon+\nu)\sigma_{\alpha\alpha}b_{1}+\sigma_{R}(R-R_{c})b_{1}+\lambda(A^{2}b_{-1}+2|A|^{2}b_{1})$ . (27)











$t=0$ $\alpha_{0}$ $\alpha_{0}\pm\delta\alpha$ ,
. . (2) Fourier- 2 .
$\hat{\psi}=\sum_{j=1}[A_{1,0}^{(j)}\phi_{1,0}^{(j)}\mathrm{e}^{i\alpha 0x}+c.c.$
$+A?\pm 1\phi$
) (:J$\pm 1$) $\mathrm{e}^{i(\alpha_{0}\mathrm{t}6\alpha))x}+c.c$ .
$A_{2,0}^{(j)}\phi_{2,0}^{(j)}\mathrm{e}^{2i\alpha \mathit{0}x}+c$ . $c$ . $+A_{2,\pm 1}^{(j)}\phi_{2,\pm 1}^{(j)}\mathrm{e}^{i(2\alpha_{0}\pm\delta\alpha)x}+c.c$ . $+A_{2,\pm 2}^{(j)}\phi_{2,\pm 2}^{(j)}\mathrm{e}^{2i(\alpha 0\pm\delta\alpha)x}+c.c$.
$+A_{0,1}\phi_{0,1}\mathrm{e}^{i\delta\alpha x}+c.c$. $+A_{0,2}^{(j)}\phi_{0,2}^{(j)}\mathrm{e}^{2i\delta\alpha x}+c.c$ . $+A_{0,0}^{(j)}\phi_{0,0}^{(j)}+\cdots]$ . (29)
(2) ,
$\dot{A}\mathrm{g}7=\sigma_{k,l}^{(j)}AV_{l}^{)}+\sum\lambda$ p2 $i^{p}$.q)A\sim A $m,n(q)$ (30)
. $A_{1,0}^{(j)},$ $A_{1,\pm 1}^{(1)}$ , ,
$\text{ }$ . $\acute{}$ ,
.
$A_{k,l}^{(j)}=h_{k,l}^{(j)}(A_{1,0}^{(1)}, A_{-1,0}^{(1)}, A_{1,1}^{(1)}, A_{-1,1}^{(1)}, A_{1,-1}^{(1)}, A_{-1,-1}^{(1)})$ . (31)
152
$h_{k,l}^{(j\rangle}$
$h_{k,l}^{(j)}(0)=dh_{k,l}^{(j)}(0)=0$ for $(k, l,j)\neq(\pm 1,0,1),$ $(\pm 1,1,1),$ $(\pm 1, -1,1)$ (32)
. $A_{1,-1}^{(1)}arrow A_{-},$ $A_{1,0}^{(1)}arrow A,$ $A_{1,1}^{(1)}arrow$
$A_{+},$ $\sigma_{1,-1}^{(1)}arrow\sigma_{-},$ $\sigma_{1,0}^{(1)}arrow\sigma,$ $\sigma_{1,1}^{(1)}arrow\sigma_{+}$ ,
.
$\{$
$\dot{A}_{-}=\sigma_{1}A-+$ ( $\kappa$i $|$AI$2+\kappa_{2}^{-}|$A$|^{2}+\kappa$; $|A_{+}|^{2}$ ) $A_{-}+\kappa_{4}^{-}\overline{A}_{+}A2,$
$\dot{A}=\sigma A+$ ( $\kappa_{1}|A-|^{2}+\kappa_{2}|$A$|^{2}+\kappa_{3}|A+|^{2}$) $A+\kappa_{4}\overline{A}A+A-,$








Stuart-Landau . , (34) $\kappa_{2},$ $\kappa_{2}^{\pm},$ $\kappa_{4}^{\pm}$




(37)III : $\{_{\dot{A}_{+}=\sigma_{+}A_{+}+2\lambda|A|^{2}A_{+}+\lambda\overline{A}_{-}A}^{\dot{A}_{-}=\sigma_{-}A_{-}+2\lambda|A|^{2}A_{-}+\lambda\overline{A}_{+}A}$ ”
. (18), (19) $\sigma_{\pm}$ $i\gamma_{1}+\sigma-k_{1}^{2}\mu$ ,
$i\gamma_{2}+\sigma-k_{2}^{2}\mu$ . (2) ,
$\delta$
$\epsilon$











. , $A_{1}$ , $A_{2},$ $\cdots$
.
$A_{n}=h_{n}(A_{1}, \epsilon, \delta)=\gamma_{\epsilon}^{(n)}\epsilon 1$ $+O(3)$ , $\cdot$ . . , $n=2,3,$ $\cdot\cdot$ ( (41)
$\hat{A}_{1}$
$\hat{\dot{A}}_{1}=[(\epsilon+\nu)\sigma_{\alpha}+\frac{1}{2}(\epsilon +\nu)^{2}\sigma_{\alpha\alpha}+\delta\sigma_{R}+2\lambda|A|^{2}]\hat{A}_{1}+)$ zA$2\hat{A}_{-1}$ (42)
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